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EXECUTIVE SUMMARY

| Every winter, literally tons of salt and sand are placed on roadways throughout the State

of Minnesota. While the application of salt and sand is critical to providing a safe driving
environment, the amount used is often significantly more than is required. Visible
evidence of over salting and sanding can be seen on highways and local streets
throughout the state. Salt dust and residue remain on the shoulders, ramps, intersections
and driving lanes for days after a snowfall event. The cost of salt and sand is significant
in northern states like Minnesota, but in addition to these material costs, excessive salt
applications impact the environment and causes untimely vehicle damage. Also, excess
sand applications necessitate costs associated with cleaning roadways and water drainage

systems.

Recognizing the potential to reduce the level of salt and sand use, the Maintenance
Division of the Minnesota Department of Transportation (Mn/DOT) began a reduction
initiative in District 1A (Duluth)_during the 1996-97 snow and ice season. A key
component of the Salt Solutions program was the use of truck-mounted infrared pavement
temperature sensors. These sensors provided critical information that assisted truck
operators in selecting salt and sand application rates. The program also included operator

training, application guideline charts, and equipment calibration and repairs.

Building on the Salt Solutions program in Duluth, Mn/DOT decided to expand the

program in the 1997-98 winter season to a statewide level. In this program, 150 trucks



were outfitted with infrared pavement sensors throughout the state. The program again
included training for supervisors and operators as well as incentives to reduce the amount

of salt and sand use.

This report evaluates the Salt Solutions program over the past two winter seasons. The
evaluation documents the components of the program, describes the technology being
used, and provides a detailed cost-benefit analysis. The results of a study on infrared

temperature sensing technology that was recently conducted by the Wisconsin

Department of Transportation are also included.

Results of this evaluation show that the Salr Solutions program is a cost-effective means
of reducing the amount of salt and sand applied to Minnesota roadways while still
maintaining a safe operating environment. For example, the number of accidents on
Mn/DOT roads actually decreased by six percent from the 1996-97 to the 1997-98 snow
and ice seasons, the first year the program was iinplemented on a state-wide basis. The
findings for this evaluation are based on observations by program coordinators, surveys
completed by supervisors and operators, and a cost-benefit analysis based on salt and

sand usage in the study and control areas.

The following recommendations are critical to future Salr Solutions success:

e Require supervisors to be accountable for the economic use of salt and sand.

o Calibrate equipment prior to and during the snow and ice season.

» Demonstrate Mn/DOT’s support for Salt Solutions through recognition programs.

e Employ a full-time project coordinator.



L INTRODUCTION

A.  PROJECT OVERVIEW

The Maintenance Division of the Minnesota Department of Transportation (Mn/DOT)
began an initiative in District 1A (Duluth) to reduce salt and sand use during the 1996-97
snow and ice season. The program, known as Salt Solutions, utilized vehicle-mounted
pavement temperature sensors to assist.operators in determining the appropriate salt and
sand application rates. The success of the District 1A program encouraged the
development of a statewide program to reduce salt and sand use during the 1997-98

winter season.

Application rate charts correlate pavement temperature and weather conditions to provide
a factual system that enables plow operators to make better application rate decisions.
The application guidelines used in this program are provided in Appendix A. Using these
application guidelines, however, requires reliable information on pavement temperature.
Mn/DOT maintains some stationary temperature sensing equipment, but not enough to
provide adequate coverage for all roadways in the state. As a result, the Salt Solutions
program outfitted a portion of Mn/DOT’s trucks with temperature sensing devices in

order to provide continual temperature data over a wide area.

Two types of pavement sensors were procured: Control Products and Sprague Controls.
Control Products sensors are mounted under the front bumper. Sprague Controls sensors
are mounted on the driver’s side rear view mirror. Each one used infrared technology to
determine the temperature of the pavement. The Wisconsin Department of

Transportation conducted a study on vehicle-mounted infrared pavement temperature



sensors that included both the Control Products and Sprague Controls sensors. With the
permission of the Wisconsin Department of Transportation, a summary of this study is

provided in Appendix B.

The State of Minnesota has a policy limiting the amount of salt and chemicals used on the
state’s roadways. Minnesota Statute 160.215 - Snow Removal; Salt and Chemicals

restrictions, states the following:

Salt and Chemicals restricted in order to:
1. Minimize the harmful or corrosive effects of salt or other chemical upon
vehicles, roadways, and vegetation.
2. Reduce the pollution of waters; and

-

3. Reduce the driving hazards resulting from chemicals on windshields;

Road authorities, including road authorities of cities, responsible for the maintenance
of highways or streets during periods when snow and ice are prevalent, shall utilize
such salt of other chemicals only at such places as upon hills, at ‘intersections, or
upon high speed or arterial roadways where vehicle traction is particularly critical,
and only if, in the opinion of the road authorities, removal of snow and ice or
reduction of hazardous conditions by blading, plowing, sanding, including chemicals
needed for free flow of sand, or natural elements cannot be accomplished within a

reasonable time.

History: 1971¢622s1;1973c 123 art5s7.



B. PURPOSE OF REPORT

Mn/DOT desires to continue the salt and sand reduction initiative because of its proven
success in the first two years of deployment. To determine the project’s future direction,
a detailed analysis was performed on the information and data collected from the past two
snow and ice seasons. This report, provides a cost-benefit analysis to identify the most
effective aspects of the previous initiatives. Also, recommendations are provided as to

how the Salt Solutions project should be implemented for continued project success.






L. DISTRICT 1A PROGRAM

A. BACKGROUND

Before the District 1A program was implemented, the average snow plow operator used
more salt and sand on the road than was needed to provide a safe driving environment.
This was due in a large part to operators choosing their application rate according to the
length of their route. No factual system, such as application rate charts, was available for
operators to make better application rate decisions. Also, the majority of trucks were not

calibrated properly and/or the application equipment was not functioning properly.

Before the Salt Solutions program was implemented, the application rates between
operators commonly varied by as much as 700 pounds per lane mile. The following

factors contributed to this variation:

Maintenance workers wanting to “pull their own weight™;

e Varying amounts of pressure from outside sources;

Supervisors not being involved in application rate decisions;

Operator confusion on how equipment functioned;

Snow plow operators not having to account for the application rates they chose.

In general, a significant need existed for a consistent method of applying salt and sand

among snow plow operators.



B. PROGRAM DESCRIPTION
During the summer of 1996, Mn/DOT developed a program to reduce salt and sand use
among snow plow operators. The main structural components of the program were the

following:

e Operator training and awareness of application rates;

e Determine control sites against which District 1A’s salt and sand usage could be
compared;

e Procure pavement temperature sensing technologies;

o Identify costs of the program;

e Quantify salt and sand use;

e Perform a cost-benefit analysis.

C. CoST-BENEFIT ANALYSIS

Analysis of the salt and sand use estimates from District 1A and the control sites shows a
significant reduction in usage from the 1995-96 season to the 1996-97 season, when Salt
Solutions was implemented. Comparison of salt aﬁd sand usage levels from one year to
the next is difficult because of the variation in each winter’s severity. To account for this,
control sites were selected in order to provide a comparison between nearby roadways
during the same snow and ice seasons. The City of Duluth and the St. Cloud District are
the two control sites near District 1A that use salt. While District 1A’s salt use remained

constant from the first winter to the next, the City of Duluth’s and St. Cloud District’s salt



use increased. An equivalent effect can be seen when comparing the sand usage between

these areas. Detailed results of this analysis can be seen in Appendix C.

Pine County, St. Louis County, and Lake County only use sand to control snow and ice
on the roadways. As can be seen in Appendix C, a decrease between District 1A and
these areas in sand use was experienced between the year previous to the Salr Solutions

implementation and the year the program was in effect.

Note that the process of quantifying the salt and sand use at each of the shops was and
still is cambersome. Poor record keeping and the need to enact a consistent and relatively

accurate method of salt and sand use measurement accounts for most of the problems.

The total cost of the District 1A program was $37,000. This includes wages, overhead,
incentives, marketing, travel, incidentals, and an equivalent uniform annual cost of the

infrared pavement temperature sensors (see Table 1).

Table 1
Costs of the District 1A Program
Item Unit Price Annualized Cost*
wages and overhead N/A $25,000
incentives and marketing N/A $4,000
travel and incidentals N/A $5,000
11 Sprague Controls pavement $350/unit $1,350
temperature sensors ,
Total Cost $35,300

*Note, the annualized cost of the sensors is determined by calculating the equivalent

uniform annual cost assuming a 3 percent interest rate and a 3 year life.



The total sand savings from the District 1A program was calculated using $12.50 per yard
of sand. At the conclusion of the 1996-97 snow and ice season, 7,700 yards of sand
remained in District 1A’s storage yards. As can be seen in Appendix C, the sand use at
each of the control sites essentially remained constant between the 1995-96 and 1996-97
snow and ice seasons. However, District 1A’s sand use decreased 24 percent from
44,300 tons in the 1995-96 seasor; to #33,600 tons in 1996-97 season. As a result, a
conservative assumption was made that without the Salt Solutions program, District 1A
would have applied 7,700 tons of excess sand to the roadways. Calculations using these

numbers show a savings of $96,000 (see Table 2).

In 1996-97, District 1A used 27,000 tons of salt, 260 tons less than was used in 1995-96.
Given. the severity of the 1996-97 winter as compared to | the 1995-96 winter, this
reduction is significant. It is difficult to quantify the actual salt savings because there was
no foundation from which to base an accurate number. The City of Duluth used 24
percent and St. Cloud District 3B used 13 percent more salt in 1996-97 than in 1995-96.
However, District 1A used the same amount of salt during the 1995-96 and the 1996-97
snow and ice seasons. As a result, a conservative 10 percent salt savings was assumed
for District 1A during the 1996-97 season to reflect the impact of the Salt Solutions

program. At $30 per ton of salt, calculations show an $81,000 savings (see Table 2).



Table 2
Savings Due to the District 1A Program
Item Unit Price Total
Sand Savings $12.50/ton $96,000
Salt Savings $30.00/ton $81,000
Total Savings $177,000

The total cost of the program was $35,300 and the total savings in salt and sand due to

the program was $177,000, which gives‘a 500 percent rate of return on investment.

D. LESSONS LLEARNED

Maintenance personnel acceptance of the Salt Solutions program grew throughout the
year as people became more comfortable with the program.  Bi-weekly meetings
provided an opportunity for plow operators to discuss their concerns and improve their‘
ability to use the application rate charts as a guideline. While most of the operators
accepted the established goals, the truck stations that accepted them and worked together

toward achieving them as a team experienced the most success. The goals included:

e Saving money
e Reducing material usage
e Improving equipment efficiency

e Maintaining and/or improving the current level of service

The Maintenance Supervisor’s primary role in the program was to become involved in
the application rate decisions the plow operators were making. Supervisor’s sense of
responsibility for how much salt and sand their shop was using was essential in achieving

a decrease in the shop’s total salt and sand use. A vital part of a supervisor’s role was to



interact with snow plow operators and facilitate group decisions about how the shop

would respond to a storm. Discussing the results of application strategies was also

important in lowering the shop’s overall usage.

The following list details useful information gained from the District 1A program:

 Incentives were effective in demonstrating Mn/DOT’s support as perceived by

maintenance personnel.

The District 1A program exposed the external pressures of snow and ice control that
lead to the overuse of de-icing chemicals. Specifically, pressure to add more salt and
sand came from the Highway Patrol, District Maintenance Supervisors, the public,

and dispatch. More education of these groups is required.

Fixed pavement temperature sensors were determined to be ineffective in giving

direct real-time pavement temperature information because of placement and

communication problems.

Tom Broadbent, the program’s administrator, attended shop meetings on a biweekly
basis. During each of the meetings, questions and concerns were raised and basic
application rate guideline charts were discussed. These questions and concerns were
then brought before a steering committee and addressed. This gave plow operators

timely responses to their questions and concerns and improved the overall quality of

the program.

10



A successful program needs a solid foundation. One of the most important initial
steps was the training provided on equipment functions. Essential tools for program

success included calibration charts, pavement temperature sensors, and application

guidelines.

The significant savings from the District 1A program caused Mn/DOT to look beyond

“quick fix” technical solutions and address the underlying factors behind the overuse

of salt and sand.

Measuring salt and sand use was an essential component to the overall project

success.

11
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. STATEWIDE PROGRAM

A. BACKGROUND

Based on the results of the District 1A program, the Maintenance Division decided to
implement the Salt Solutions Program on a statewide basis. Although the program was
implemented statewide, the analysis for this report was performed in the metro division

using the county maintenance shops as controls and the Mn/DOT maintenance shops as

test sites.

B. PROGRAM DESCRIPTION

Sixteen Salt Solutions coordinators were recruited for the 1997-98 snow and ice season
and were assigned to various shops throughout the state. The coordinators attended shop
meetiﬁgs approximately once a month. The main purpose of the shop meetings was to
train personnel and answer their questions. In addition, approximately 90 percent of the
plow trucks statewide were calibrated to provide accurate application rates. Vehicle-
mounted pavement temperature Sensors Were purchased for every Mn/DOT maintenance
shop participating in the statewide program. Application rate charts were posted in each
shop and mounted in every truck. The application rate charts correlate pavement
temperature and weather conditions to application rates. The application guidelines used
in this program are provided in Appendix A. In the Metro Division, 39 Control Products
sensors and 20 Sprague Controls sensors were purchased, see the detailed distribution list
in Appendix A. Note that 150 trucks were outfitted with infrared pavement temperature

sensors statewide as a result of this program. Finally, incentives were given to every

person participating in the Salt Solutions program. The cost of the incentives, which



included one pen, one water bottle, and a pocketknife, flashlight, or multi-tool, was $16

per person. These incentives functioned primarily as marketing tools.

Unfortunately, the statewide program was not fully implemented until late in the 1997-98
winter season. The sensors were delivered to each truck station in late November. Full
deployment of the sensors did not occur until mid December when each truck station had
at least one Sprague Controls infraﬁ‘ed ‘!sensor installed. Every other component of the

program was in place at the beginning of the snow and ice season.

The following Mn/DOT-Metro Division counties were chosen as test sites for the
statewide program: Anoka, Carver, Chisago, Dakota, Hennepin, Ramsey, Scott, and
Washington. The control sites chosen were County routes in the same counties. A two
percent to four percent overlap of routes exists between Mn/DOT and the Counties.
Thus, a small amount of error must be taken into consideration when considering salt and

sand use totals.

C. CosT-BENEFIT ANALYSIS

Close inspection of the data did not reveal a reliable source of control site data in the
metropolitan region. However, the overall trend in the data clearly shows a reduction in
both sand and salt use that is similar to District 1A’s during the 1996-97 season. A
conservative estimate of a 10 percent savings is realistic for the Metro division during the
statewide program. The absence of reliable data can -be attributed to various factors, such
as problems with the control site data, inadequate biweekly shop meeting schedules, the

temperature sensing and application equipment not working properly, and poor records of

14



salt and sand use. The total salt and sand use numbers for Mn/DOT and the counties are

given in Appendix D.

Although numerical analysis from the statewide Salt Solutions progfam is not effective in
determining program benefits, many qualitative benefits can be used to describe the
positive and negative impacts of the program. Salt Solutions has provided the following
qualitative benefits: |

e Basic managerial tools have been incorporated within the shops that will remain in

place for as long as managers and supervisors continue to use them.

e Operators have been trained to methodically choose an application rate from the

guideline charts instead of by the length of their route.

e The program illustrated the need for improving salt and sand use record keeping.

Table 3
Statewide Program Costs
Item Unit Price Annualized Cost*
wages and overhead N/A $41,700
incentives and marketing N/A $15,200
travel and incidentals N/A $11,600
Infrared pavement
temperature sensors 50 Control Products at $410/unit $7,200
Infrared pavement
temperature Sensors 100 Sprague Controls at $350/unit $12,300
Total Cost $88,000

*Note, the annualized cost of the sensors is determined by calculating the equivalent

uniform annual cost assuming a 3 percent interest rate and a 3-year life.

15



Table 4
Metro Division Costs
Item ‘ Unit Price Annualized Cost*
wages and overhead N/A $13,900
incentives and marketing N/A $5,500
travel and incidentals N/A $3,800
Infrared pavement
temperature sensors 39 control Products at $410/unit $5,600
Infrared pavement
temperature sensors 20 Sprague Controls at $350/unit $2,500
Total Cost $31,300

*Note, the annualized cost of the sensors is determined by calculating the equivalent

uniform annual cost assuming a 3 percent interest rate and a 3-year life.

D. ACCIDENTS

Evaluation of accident totals on Mn/DOT and County routes shows a reduction from the
1996-97 winter season to the 1997-98 winter season, when Salt Solutions was
implemented. Between these years Mn/DOT’s accident totals decreased by 1,800
accidents, while the County’s accident ‘totals decreased by 1,100 accidents. As a result,
the number of accidents occurring on Mn/DOT’s roads decreased by six percent more
than the number of accidents occurring on the County’s roads. When considering that
Mn/DOT reduced its total salt and sand use by at least 10 percent from the 1996-97 to the
1997-98 seasons, this accident reduction is significant and suggests that the Salt Solutions
program does not adversely affect road safety. The Mn/DOT’s and the County’s accident

data is provided in Appendix D.

16



E. LESSONS LEARNED

In general the operators thought the sensors helped them make good application rate
decisions and helped them reduce their salt and sand use. Operators thought the sensors
worked very well and they would like to see more of them installed. The following list

details useful information gained from the statewide program:

e Once the trucks were calibrated and training on the equipment was completed, most
of the operators were very willing to support the program. By mid season, many of
the operators were still demonstrating interest in the program and were supporting its

continuation.

o Some Supervisors felt they could save money by using more sand and less salt.
However, total sand costs encompass much more than the cost to buy sand. The
combined purchasing costs, clean up costs, hauling costs, and screening costs result in
a total cost of approximately $72 per yard for sand applied to the roadways.
Environmental effects must be considered as well. In general, using more sand to

save salt is not the answer for a successful reduction of salt use.

e A salt and sand use perception survey was given to supervisors prior to the statewide
program in the Metro area. The main purpose of this survey was to encourage
supervisors to begin thinking about salt and sand use reduction and related safety

issues. The complete survey form and results can be found in Appendix E.

17



Immediately following the conclusion of the 1997-98 snow and ice season, plow
operators in the Metro Division were given a Salt Solutions survey. This survey
attempted to obtain information on the degree to which plow operators accepted the
Salt Solutions program. The survey also asked if they would like the program to
continue and if so what they would like included in the program during the 1998-99
snow and ice season. In this survey.the operators indicated they would like to see the

program continue, see Appendix F.

Plow operators in the Metro Division were also given an Infrared Sensor Survey at
the conclusion of the 1997-98 snow and ice season. The objective of the survey was
to measure how satisfied the plow operators were with the operation of the sensors.

The survey addressed the following questions:

— Are the sensors easy to read?

— Are the sensors reliable?

— Do the drivers feel the sensors are accurate in all types of weather?
— Is the information of use to the operators?

— Did the sensor influence the plow operator’s application rate decisions?

The complete survey form and results can be found in Appendix G.

Supervisors need to be pro-active in helping their crews select the best materials for a
given temperature range and weather conditions. Supervisors must also ensure repairs
and calibrations are performed properly and that sanders are stored properly over the

summer.

18



Iv.

10.

11.

12.

13.

14.

RECOMMENDATIONS

. Complete repairs and checks of all equipment during the summer months.

Purchase additional infrared sensors to equip every truck in the state.

Produce a video showing application rate comparisons.

Require Supervisors to be accountable for the economic use of salt and sand.

Require Supervisors to coordinﬁte elnd support proper storage of sanders during the
off season.

Require Supervisors to give performance reviews of plow operators at the conclusion
of the snow and ice season.

Award incentives for outstanding performance at the end of the snow and ice season
both to individuals and shops.

Program the salt and sand application controllers (Dickey John 2000’s) prior to the
start of the winter season.

Allow first salt application time to work before applying additional amounts.

Apply less salt to a glazed or frosty road than a snow covered road.

Include the number of events per month and number of lane miles for each truck
station when performing the record keeping procedures.

Change salt and sand use record forms to require plow operators to document their
application rates.

Mark salt bins along the contour of salt for easy measurement of use.

Hire a full-time coordinator whose duties, among others, will include:

19



Ensure all trucks’ snow and ice equipment is calibrated properly at the
beginning of the snow and ic;a season and at least twice during the
season.

Determine better methods for measuring quantities of salt and sand in
stockpile and developing strategies to record salt and sand usage in a
computerized data base.

Evaluate salt and sand use at the conclusion of the snow and ice
season. Perform necessary calculations and draw relevant conclusions.
Organize and lead meetings with plow operators to determine what is
and what is not working. Lead discussions in the sub-areas every two
weeks about snow and ice control.

Coordinate regular steering committee meetings.

Continue regular shop meetings.

Plan, write, and edit a Salt Solutions newsletter.

Procure technologies to enhance salt and sand operations.

Promote Salt Solutions through marketing techniques such as
designing and distributing posters communicating Mn/DOT’s interest
in the Salt Solutions program.

Hold managers, supervisors, and operators accountable for their salt

and sand use.

20



Provide training, tools, and equipment that allow operators and
supervisors to make good application rate decisions and meet
orgénizational goals.

Coordinate ordering and paying for the incentive items.

Set up training for State Troopers and develop methods to educate the

general public.

21






APPENDIX A

Pavement Temperature Sensing Technology






Pavement Weather Pounds Per Two Operation
Temperature Conditions Lane Mile
30°+ Snow 200-400 As Needed
Freezing Rain 200 Re-apply as necessary
25°-30° Wet Snow 400-500 Re-apply as necessary
Freezing Rain 300 Re-apply as necessary
200
20°-25° Wet Snow 1200 Repeat as necessary
Sleet Sand/Salt
Freezing Rain 1200 Repeat as necessary
Sand/Salt
15°-20° Dry Snow 1200 Sand Hazardous Areas
Sand/Salt 20:1
Sand/Salt Mixture (Stockpile)
Wet Snow 1200 Repeat as necessary
Sleet Sand
Below 15° Dry Snow 1200-1500 Sand Hazardous Areas

20:1
Sand/Salt Mixture (Stockpile)

Temperature, °F

One pound of salt will melt

30 46.3 pounds of ice
25 14.4 pounds of ice
20 8.6 pounds of ice
15 6.3 pounds of ice
10 4.9 pounds of ice
5 4.1 pounds of ice
0 3.7 pounds of ice
-6 3.2 pounds of ice




The following is a list of where the sensors were sent:

Sprague:

Cannon Falls #3
Zumbrota #3
Red Wing #1
Dodge Center #2
Albert Lea #7
Northfield #2
Faribault #3
Austin #2

PN U AW

Control Products:
1. Owatonna #2

By November 20, 1997 the sensors were delivered to each truck station. By
December 18, 1997 each truck station should have one Sprague infrared sensor
installed at this time. The stations were to put them on the vehicle in which it
would be the most useful.

In the Metro Division 39 Control Products and 20 Sprague sensors were installed.

Control Products Sensor Distribution List:

Anoka

Arden Hills
Camden

Eden Prairie
Forest Lake
France Ave.
Golden Valley
Hastings
Jordan
Lakeville
Maple Grove
Mendota
Maryland
North Branch
Taylors Falls
QOakdale
Plymouth
Shakopee
Snelling
Spring Lake Park

RO NN = DN DN = DD DN



Four Sensors needed Repairs in the following locations:

Spring Lake Park 1
Jordan 1
Hastings 1
Golden Valley 1
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Summary of Wisconsin Department of Transportation’s
report on:
Vehicle Mounted Infrared Pavement Temperature Sensors

Study Performed During the Winter Season of 1996-1997 and 1997-1998

OVERVIEW:

During the spring of 1996, the Wisconsin Department of Transportation (WisDOT)
Bureau of Highway Operations (BHO) polled the districts to determine how many
counties were interested in receiving Vehicle Mounted Infrared Pavement Temperature
Sensors. As a result of the survey, WisDOT decided to purchase 85 units. Aftera
competitive bidding process in which only Control Products, Inc. (CP) could enter, due to
specification requirements, WisDOT purchased 85 CP Model 994A units. Eighty units
were distributed to the counties, five units were kept at BHO as backup.

BHO performed an evaluation of the Infrared Pavement Temperature Sensors following
the 1996-97 snow and ice season. The majority of plow operators felt they improved
their service to the customers. Nearly half of the operators indicated they used less
chemicals than they would have without the devices. Eighty seven percent of the plow
operators interviewed said they would recommend the purchase of more of the sensors.
The only complaint with the sensors is some of them had to be sent in twice for repairs.
Also, some complaints were received about the inaccuracy of the units. As a result of
positive feedback from the plow operators, WisDOT decided to purchase additional units
for the 1997-98 snow and ice season. Two different units, in different price categories,
were purchased to provide a more complete evaluation of this technology. CP won the
bid for both price categories. The higher and lower priced units purchased were the CPp
Model 996D and CP Model 996D-A respectively. No Sprague models were purchased at
this time. Unfortunately, due to the mild winter and delays in receiving the units, no
evaluation could be performed on these units.

CALIBRATION:

The calibration process involves aiming the sensor at a container of ice water and
adjusting it until it reads 33 degrees Fahrenheit. Between five and ten CP units purchased
experienced calibration problems and were returned for repair. The following statement
was included in the WisDOT evaluation report: “WisDOT strongly recommends all
infrared sensors be calibrated at least annually before the start of the winter.
Calibration checks should be performed periodically throughout the winter because
erroneous readings could negatively impact snow and ice control decisions.”




Numerous units purchased prior to the 1996-97 snow and ice season experienced
reliability problems. Faulty thermistors received from a supplier caused some of the units
to display unrealistic pavement temperatures such as 200 degrees Fahrenheit. Because of
this problem 40% to 50% of the units were sent back to CP for repair. WisDOT had a
warranty agreement with CP, but other states have noted the average cost of repair is
approximately $400.00. Dissatisfaction with the units stemmed from reliability problems,
not with their usefulness, which was not questioned. As a result, the WisDOT BHO
recommends using more information than just the sensors to make operational decisions.

RESULTS:

The following are results from a survey given to snow plow operators at the end of the
1996-97 snow and ice season:

a. Did use of the infrared vehicle mounted sensor result in you using
(more/less/about the same amount of) chemical on the roads?

More 4.1%
Same 49.0%
Less 46.9%

b. Did the use of these sensors result in improved service to your constituents?

Yes 91.5%
No 8.5%

¢. Would you recommend purchase of more of these sensors?

Yes 87.2%
No 12.8%

Following the winter of 1997-1998, counties were asked to rate their satisfaction of the
infrared sensors on a scale of 1-10. The average satisfaction of the respondents was 8.1.

Sprague, Inc. began marketing the Road Watch Sensor shortly after BHO purchased the
CP sensors in 1996. The following problems with these sensors have been noted:

1. The Sprague Road Watch sensor was not as reliable as the CP sensor. Iowa
purchased seven Sprague units and returned six of them for repairs. However,
Indiana and Missouri used the Sprague sensors the past two winters and were
satisfied.



[N

The Sprague sensors took anywhere from 5 to 15 minutes to acclimate to the outside
conditions. During that time they gave unreasonable temperature readings.

The Sprague sensor does not have protection from environmental effects which may
cause accuracy problems.

L)

BHO installed a Sprague Road Watch sensor and a CP Model 994A on an assigned pool
car. The readings from each sensor were compared to each other and to in-pavement
sensors connected to remote processing units (RPU’s) that are part of the road weather
information system (RWIS). A pan of ice water was placed beneath each of the sensors
just after the vehicle was started and again after the vehicle had been driven for an hour in
a variety of conditions. The following results were obtained:

Condition | Actual Sprague CP Temp Sprague Cp
Temp (°F) | Temp (°F) | (°F) Diff. (°F) Diff (°F)

Startup 33 30 33 -3 0

Warmed up | 35 32* 35 -3 0

* Varied from 31-33 without stabilizing

Please note the consistent difference in the Sprague readings could be due to a calibration
problem. Sprague offers no method of recalibrating the unit, the only way to check these
units is to send them back to the factory.

The following results are a comparison between the two units and fixed pavement
sensors. For the purposes of this comparison, it is assumed the readings generated by the
fixed sensors are accurate because they were calibrated prior to the winter of 1997-98. As
a result, the fixed sensors are used as a baseline reading. The vehicle readings were
logged manually as the vehicle drove over the sensor.

Definitions:

Mean Difference (MD, or bias): The average of all the differences. This quantity is
useful for determining the sign of the average difference, not the magnitude. For

example, if one reading was five degrees too warm and the other five degrees too
cold, the MD would be zero.

MD = Z(mobile sensor observations - fixed sensor observations) / Number of comparisons

Mean Absolute Difference (MAD): The average magnitude of the differences. This
quantity is useful for determining the accuracy of a measurement. In the previous

example, the MAD would be five, not zero.

MAD = absolute value (MD)
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Root Mean Square Difference (RSMD): The RSMD is more sensitive to large
differences than the MAD. For example, suppose a sensor shows 10 differences
of one degree, while the other sensor shows nine differences of zero degrees and
one with a 10 degree difference. The RMSD for the first sensor is one degree,
while the RMSD for the second sensor is 3.16 degrees.

RSMD = Y(MD)
ALL READINGS -

Sprague Control Products
Mean Difference (MD) -5.84 0.79
Mean Absolute Difference (MAD) 6.23 2.55
Root Mean Square Difference (RSMD) 7.44 34

FIXED SENSOR READINGS LESS THAN OR EQOUAL TO 40°F
Sprague Control Products

Mean Difference (MD) -6.63 2.21
Mean Absolute Difference (MAD) 6.76 2.27
Root Mean Square Difference (RSMD) 8.06 . 2.76

FIXED SENSOR READING GREATER THAN 40°F
Sprague Control Products

Mean Difference (MD) -4.76 -1.15
Mean Absolute Difference (MAD) 5.50 2.93
Root Mean Square Difference (RSMD) 6.49 4.11

DIFFERENCES BETWEEN THE SPRAGUE UNIT AND THE CP UNIT

>40°F <40°F All Readings
Mean Difference (MD) -3.49 -8.84 -6.50
Mean Absolute Difference (MAD) 4.18 8.84 6.80
Root Mean Square Difference (RSMD) 5.25 10.08 8.32

CONCLUSIONS:

e Most superintendents used the sensors daily. They were able to discen pavement

temperature differences between asphalt and concrete surfaces and between sunny and

shady areas. Superintendents were able to obtain a better understanding of the
pavement temperature variations within their region.
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Users indicated they were able to provide improved service to their customers while
applying less chemicals.

Two minor problems arose when dealing with CP. First, a misunderstanding of who
was to pay shipping fees when a unit was sent back for repair. Second, CP did not
have parts on hand for older sensors because they had discontinued production of

those sensors.

Milwaukee County designed a mount that allows the sensors to be transferred from
one vehicle to another within five minutes.

e Some counties are going to test SaltMiser™ during the 1998-99 snow and ice
season. This system links outputs from an infrared pavement temperature sensor
and a ground speed controller to an onboard computer that controls salt application

rates.
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Total Salt Use - District 1A vs. City of Duluth

30000
26000 § ~ -~~~ -~~~ - ‘ -------------------------------
20000 } - - e e -
- 189% 130%
-]
2 a —— Distict 1A
© 15000 f - —--- s e e e et e e e - .
® — 4 — City of Duluth |
=4 4
<]
[ ——a
10000 & -~ - - - - - -~ -._—_-_-,———-'-‘:’—':': -------------------
|
5000 b - - - - e - |
0
95-96 96-97
Years of Snow and Ice Season ,
N |
! Total Salt Use - District 1A vs. St. Cloud District i
' i
f 30000 ;
A :
25000 - mm e e e e A .
| 62% 42%
20000 + - - - - - = -~ - e e e e e
! ——
= l ————T
© -
& [ &
-
© 15000 fr ~-=--~=~~--------S----s-coco-oo-o--ooe- { —e— District 1A
i e ; .
I g ;= 48 — St Cloud District |
>
10000 F =~ - - o mmm oo e e e oo — e -
5000 F - - - - - - e e e e -
0
i 95-96 96-97

Years of Snow and Ice Season




PUISIQ PNojD IS UBy) Jjes alow %y pasn | jousig 004’61 660'.C 1679661

1oUISI@ PnotD 1S Aq pasn jjes jo Junowe ayy sawly  pL Pasn | Jausig 16-9661
00L'6l 66022
JoMIsiqQ PnojD IS uey) jjes alow %Z9  pasn i 1ouisig 96-G661
: 006'91 6GE.LC
ouIsIqQ PNoiD IS Aq pasn jjes Jo junowe ay) sawl} 94 Pasn i Jousig 006°'9} 6S€.2 96-G661
(suoy) (suoy) TN
JoIsia

PNOID IS VI PMISIA
s jjes |ejo

C-2

“yining Jo A0 auy uey jjes asow %0€l pasn | PusIg ZLL'LL 660'LC  L6-9661

yining jo AnD ayy Aq pesn jjes jo junowe sy sewl €7 Pasn i jouisig L6-9661
. ZLL'LL §60'L2
UIning 40 AjD au) Uey) Jjes 210w %681 Pasn i jousia 96-G661
69v'6 6SELT
yining 4o AN 8y} Aq pasn jjes jo jJunowe syy sewly 67 Pasn L 1ouisid . 69p'6 6SELZ  96-G661
(suoy) (suoy) 189,
wining

jo Ao vidmsia
asM Jeg |ejo

uoseag ad| pue Mous /661 - 9661 24} 10} Sa}S |0JJU0D pue }s9) 3y} Jo uostiedwio)



Total Sand Use - District 1A vs. City of Duluth

Total Sand Use - District 1A vs. St. Cloud District

10,000
5,000

Years of Snow and Ice Season

45,000
40,000
25,000
T T 30.000
- [
» @ 25,000
- -
5 S 20000
& c R PR
’g '9_ 15,000 [ 3 —-——=Th
1000t - = - m e m e mm e = = = = = ] Destric
000§ = = = e m = = o]
[
Years of Snow and Ice Season 95-98 9697
Years of Snow and ice Season
Totat Sand Use - District 1A vs. pine County Total Sand Use - District 1A vs. St. Louis County
45,000
45,000 40,000
\
40,000 35,000 i
2 :x : T 30,000 i
A (e ra|
; s j—e—Omtict 1A || £
@ 25000 — 8 — Pine County |’ b 25,000 ey :
Z 20,000 l ; 20,000 > .-a—su.x.ouiscoumyii
18, ! —_—
R 8 15000

10,000

$.000

95-96 9697
Years of Snow and ice Season i

Tons of Sand

Total Sand Use - District 1A vs. Lake County

Years of Snow and lce Season

{ =g District 1A

!—'—leoCoumy




Comparison of the test and control sites for the 1996 - 1997 Snow and Ice Season

Total Sand Use

District 1A City of
Duluth
Year {tons) {tons)
44,383 22,634
1995-96 District TAused 1.96 times the amount of sand used by the City of Duluth
44,383 22,634
1995-86 District 1A used  96% more sand than the City of Duluth
1996-97 33,600 26,800 District 1A used 1.25 times the amount of sand used by the City of Duluth
1996-97  33.600 26,800 District 1A used  25% more sand than the City of Duluth
Total Sand Use
District 1A St. Cloud
District
Year {tons) {tons)
1995-96 44,383 15,455 District 1Aused  2.87 times the amount of sand used by St. Cloud District
1995-96 44.383 15455 District 1A used 187% more sand than St. Cloud District
1996-97 33.600 13,335 District 1Aused 2.52 times the amount of sand used by St. Cloud District
1996-97 33.600 13,335 District 1A used 152% more sand than St. Cloud District
Total Sand Use
District 1A Pine
County
Year (tons) {tons)
1995-96 44 383 9,910 District 1Aused  4.48 times the amount of sand used by Pine County
1995-96 44,383 9,910 District 1A used 348% more sand than Pine County
1996-97 33.600 11,585 District 1Aused 2.90 times the amount of sand used by Pine County
1996-97 33,600 11,595 District 1A used 190% more sand than Pine County
Total Sand Use
District 1A St Louis
County
Year {tons) {tons)
1995-86 44,383 6.000 District 1Aused 7.40 times the amount of sand used by St. Louis County
1995-96 44 383 6.000 District 1A used 640% more sand than St. Louis County
1996-97 33,600 5744 District 1Aused 5.85 times the amount of sand used by St. Louis County
1996-97 33.600 5,744 District 1A used 485% more sand than St. Louis County
Total Sand Use
District 1A Lake
County
Year (tons) (tons)
1995-96 44,383 6.878 District 1Aused  6.45 times the amount of sand used by Lake County
1995-96 44383 6,878 District 1A used 545% more sand than Lake County
1996-97 33.600 5.813 District fAused 5.78 times the amount of sand used by Lake County
1996-97 33,600 5,813 District 1A used 478% more sand than Lake County



Total Sand and Salt Use - District 1A vs. City of Duluth
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APPENDIX D

Statewide Program Details
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Comparison of the test and control sites for the 1997 - 1998 Snow and ice Season

Total Salt Use

Mn/DOT  County
Year tons ons
1994-95 70321 46,517 Mn/DOT used 1.5 times the amount of salt used by the County
1994-95 70321 46,517 Mn/DOT used  51% more salt than the County
1905-96 115967  67.871 Mn/DOT used 1.7 times the amount of salt used by the County
1995.96 115967  67.871 Mn/DOT used  71% more salt than the County
1996-97 146575  79.071 Mn/DOT used, 1.9 times the amount of salt used by the County
1996-97 146,575  79.071 Mn/DOT used 85% more salt than the County
1997.98 107.481 68630 Mn/DOT used 1.6 times the amount of salt used by the County
1997.98 107.481 68,630 Mn/DOT used  57% more salt than the County
Total Sand Use
Mn/DOT  County
Year (tons) {Tons)

199495 35666  100.685 Mn/DOT used 0.35 times the amount of sand used by the County
1984-95 35666 100,685 Mn/DOT used 65% less sand than the County
1995.95 60,848 145185 Mn/DOT used 0.42 times the amount of sand used by the County
1995-96 60.848 145,195 Mn/DOT used 58% less sand than the County
1996.97 61.818  151.661 Mn/DOT used 0.41 times the amount of sand used by the County
1996-97 61818 151,661 Mn/DOT used 59% less sand than the County
1g997-98 35214 116,306 Mn/DOT used 0.30 times the amount of sand used by the County
1997-98 35214 116,306 Mn/DOT used 70% less sand than the County

Total Sand and Salt Use

Mn/DOT County
Year {tons) (tons)
1994-.95 105987 147.202 Mn/DOT used 0.72 times the amount of sand and salt used by the County
1994-95 105,987 147,202 Mn/DOT used 28% less sand and sait than the County
1995-96 176,815 213,066 Mr/DOT used 0.83 times the amount of sand and salt used by the County
1995-96 176,815 213,066 Mr/DOT used 17% less sand and salt than the County
1996-97 208,393 230.732 Mr/DOT used 0.90 times the amount of sand and salt used by the County
1996-97 208,393 230,732 Mn/DOT used 10% less sand and salt than the County
1997-98 142,695 184,836 Mn/DOT used 0.77 times the amount of sand and salt used by the County
1997-98 142,695 184,936 Mn/DOT used 23% less sand and salt than the County
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APPENDIX E

Salt and Sand Use Perception Survey
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24.
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27.
28.
29.
30.

Enter your job level

SALT & SAND USE PERCEPTION SURVEY RESULTS

Enter your work group Work location

(maint. Worker. technician. supervisor) (maintenance. bridge. construction. traffic)

Yes

33
28
51
50
25
38
19

36

42
33
34
36
36
40

38

35
42

16

29
16

44

44
22
31
12
33
38
30
26
52

No

10
33
11
11
33
19
44

24

20
28
28
24
23
19

18

20
20

47

31
45

14

18
46
31
50
24
24
31
29
9

Do vou feel you received adequate job training?

Would a saving salt incentive program cause you to use salt more efficiently?

Does your company actively encourage employees to use salt more efficiently?

Is using salt and sand efficiently considered important by management?

Do vou think penalties should be assessed for blatant excessive use of salt & sand?

Is the amount of snow and ice training given to the supervisor adequate?

Have you been asked to perform any operations which you felt would waste salt and
sand?

Are employees influenced by your company’s efforts to promote the efficient use of salt
and sand?

Are employees provided information on such things as cost of salt and sand?

Are efficient sanding and salting procedures regularly reviewed with employees?

Do vour co-workers support Mn/DOT's effort to use sand and salt efficiently?

Do supervisors pay adequate attention to salt and sand application rates?

Is efficient salt and sanding recognized by supervisors?

Are supervisors supported by management in their decisions affecting the efficient use
of sand and sait?

Do the people in your department understand the relationship between what they do and
Mn/DOT’s efforts to use sand and salt efficiently?

Did vou receive adequate training on the efficient use of sand and salt?

Do vou think your MoyDOT has too many rules and regulations governing salt and sand
application rates?

Are regular contacts made to all employees by supervisors regarding salt and sand
application rates?

Do employees participate in setting goals for saving salt and sand?

Do vou think your supervisor seeks prompt correction of problems found with sanders
during inspection?

Are vou interested in how you sub-areas salt and sand use compare with other sub-
areas?

Can first line supervisors reward employees for using sand and salt efficiently?

Do employees caution other employees about wasteful sanding practices?

Is discipline usually assessed when salt and sand is blatantly wasted?

Do supervisors provide training on application rates for newly assigned employees?

Is saving sand and salt recognized by your company?

Are checks made to be sure that sanding controllers are used properly?

Does Mn/DOT have established goals for saving sand and salt?

Is the efficient use of sand and salt sometimes overlooked in order to get the job done?
Does compliance with application rate guidelines slow down the operation?
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40
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Are workers that use sand and salt sometimes overlooked in order to get the job done?
Do supervisors discuss goals for reducing sand and salt with employees regularly?
Has Mn/DOT’s past efforts encouraged you to use sand and salt efficiently?

Is information that is needed to use sand and salt efficiently made available to
employees?

Are new employees assigned to work with experienced employees for job instruction?
Are employees checked on a routine basis to see whether they are using sand and salt
efficiently?

Is promotion to higher level jobs dependent upon using sand and salt efficiently?

Do supervisors show a personal interest in using sand and salt efficiently?

Do most supervisors have a good knowledge of application rates, and using sand and
salt efficiently? e v

Does the company have a uniform procedure for dealing with employees that blatantly
waste sand and salt?
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Salt Solutions Survey
1997-1998

Please take a moment to fill out the following survey. The results will help direct the
development of the Salt Solution program for next year’s snow and ice season. Also, a
summary of this survey will be included in the Salt Solution final report. It is not
necessary to write vour name of the survey.

1. How useful did you find the Salt Solutions shop meetings?

26 Very useful
61 Useful

0 Somewhat useful

16 Not useful / If not useful, why?
e Sander doesn’t work

!\)

How useful did you find the topics discussed?

Very useful

53 Useful

70 Somewhat useful

_7_ Not useful / If not useful, why?
e Leamn from co-workers

||\>

[0

As a result of Salt Solutions training. Do you feel that you used less salf than you
normally would have used?

(V3]

44 Yes

55 Maybe
64 No

4. As a result of Salt Solutions training, do you fell that you used less sand than you
normally would have used?

72 Yes
41 Maybe
30 No



How useful did you find the information in the newsletter?

_8 Very useful
38 Useful

90 Somewhat useful

16 Not useful / If not useful, why?

e 11 operators did not know a newsletter was available
What information would you like to see included in the newsletter?

Temperature sensors that work.

Usage reports, expose abusers.

What different shops are doing. Pre-wet, Chloride, or sand.
Stress which shops continue to use increased amounts of salt.
Information on pre-wetting, anti-icing, de-icing, new equipment being used at
Mn/DOT, outstate, and metro.

The price of salt.

Salt and sand totals from each shop.

Statistics on different shops.

How much salt and sand each shop is using.

Amount of snow each area received.

How much money is saved each year due to the program.
Test section information. -

Would you like to see the Salt Solutions program continued next year?

73 Yes
_72_ No opinion
18 No/ If no, why?

If vou answered yes to question #7, what would you like to see included in the
program next year?

More shops that used more sand.

Program had good intentions, but some shops will never change.
Speed of trucks applying salt, maybe video of different speeds.
More training on temperature conditions, pavement, etc.

Promote less sand usage, cleanup would be a lot easier in the spring.
Let's see program come up with real incentives to save salt.

More pre-wetting pros and cons. Simpler sander controls.

Get rid of complicated Dickey Johns and go back to the black box.
More information of salt effectiveness at different temperatures.



Want back up from mechanical side of Mn/DOT to get equipment working like

designed to before it snows.

Different chemicals being used.
Would like to see program finish what it started to get sanders working all the time.

At beginning of year should review procedures again. Nice that they gave prizes to

everyone.
Pictures.

Spinner control.
Accountability! People need to be accountable for the amount of salt and sand they

use. There is still a lot of waste going on out there.
Address issue of plowing vs. Dumping salt to melt snow.

Comparison between salt/sand mix and straight salt.
What shops had trouble with putting out too much chemical because of faulty

equipment.
Fix the Dickey Johns

More shop meetings
Different systems tested (i.e. D.J., Penguin, Greshm).

Different systems (i.e. Gresham).
Dickey John not always working properly.
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METRO DIVISION INFRARED SENSOR SURVEY RESULTS

1. Please identify which type of sensor you used.
23 Sprague Users
25 Control Products Users

2. Please check all that apply:

2a. I used the pavement temperature to determine the rate of application.
18 Sprague Users
14 Control Products Users

2b. I used the pavement temperature to determine the timing of chemical application.
17 Sprague Users
13 Control Products Users

2c. Idid not use the sensor.
0 Sprague Users
5 Control Products Users

2d. I used the sensor for other purposes. Please describe
Herbicide applications (3 daily recordings needed for spray reports)
Shared the information with others (dispatch and co-workers)
Air temperature
Application rates and where to apply
Don’t believe the sensor works properly (Control Products)
Road temperature for possible blow-ups

3. The sensor worked properly:

Sprague Control Products
Always 20 7
Sometimes 3 9
Occasionally 0 5
Never 0 4

4. In your opinion, did knowing the pavement temperature help you use less sand and
salt?

Sprague Control Products
Yes 20 . 14
No 1 5
Don’t Know 2 6
G-1



5. In your opinion, should Mn/DOT install these on more plow trucks?

Sprague Control Products
Yes 21 14
No 0 7
Don’t Know 2 4

Additional Comments:
o Temperature of the air was a problem and never the same as billboard weather.

o Expensive versus buying from Radio Shack

e Problems with transmission when connected

« I put down materials based on condition of the road versus the pavement temperature.
o Temperature reading off by las much as 10 degrees.

e It takes 20 to 20 minutes to get good readings.

« Reading would change dramatically when sitting at idle - great piece of equipment.
o Problem with correct air temperature

« heat from engine seems to effect air temperature

« Install on supervisors/project supervisors truck.

o Installed to late to use during most of the season snowfall.

o 1adjusted the material usage by the way the road looked.

 Sprague seems to be the most accurate of the two.

o Ireally felt this was useful as to when and when not to apply materials. It also helped
me determine the application rates based on guidelines and temperature. This is also
very helpful for those with little experience in snow removal (that 6® sense). Justa
helpful tool that goes along with making better decisions and experience. I highly
recommend the mirror mounted unit.

o At slow speeds the unit seemed to pick up the engine compartment temperature.
o Mirror mount works better of the two.
o Great device.

o Works good - very accurate.



I thought it worked great.
It did help me on the roads during night patrol.
I helped determine rising and falling temperatures.

Outside temperature always wrong on Control Products sensor.

Sprague model much better.






